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VARIABLE NOZZLE DEVICE MADE FROM SHEET 
METAL 



Description: 

The present invention relates to a variable nozzle device 
applicable to a turbocharger and, in particular, to a turbine , 
of a turbocharger. 

Turbochargers in particular for internal combustion engines 
are conventionally used in order to reduce the fuel 
consumption and to increase the output of the internal 
combustion engine. 

Since internal combustion engines are subject to widely 
varying operational states such as rotational speeds and load 
conditions, the turbocharger also experiences differing 

* ^c^di^ows^u^J^^he^xhausi^c^xata,^ op erational ^ 

temperatures, or the like. Furthermore, intake requirements 
of pressurized intake air discharged from the compressor of 
the turbocharger differ in response to the variation of the 
operational conditions of the internal combustion engine. 

Therefore, turbochargers have been developed which enable an 
adaptation to current operational conditions on the turbine 
side of the turbocharger. The adaptation to operational 
conditions on the turbine side includes, for example, the 
variation of the geometry of turbine inflow passages. 

The us-Patent 4 , 643, 640- proposes a nozzle for passing the 
fluid, such as the exhaust gas, comprising a plurality of 
vanes for directing the flow by exerting a swirl effect to 
the fluid and for adjusting the passage area of the nozzle, 
in such a structure according to the prior art, the vanes are 
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supported rotatably in the passage. By appropriate rotating 
of the vanes f the swirl effect and/or the passage area can be 
set in accordance with the operational requirements. 

It is the object of the present invention to provide a 
variable nozzle device in particular applicable to an exhaust 
gas turbine of a turbocharger with an. improved vane structure 
which can be manufactured at low costs. 

The object of the invention is solved by a variable nozzle 
device having the features of claim 1- According to the 
invention, there is also provided an exhaust gas turbine 
according to claim 8 and a turbocharger according to claim 9 
comprising such a variable nozzle device. Further 
developments are set forth in the dependent claims. 

According to a first aspect of the present invention, a 
variable nozzle device comprises an annular nozzle passage 
formed by a gap between two opposing wall members and 
at least one vane extending in said nozzle passage and being 
rotatably supported, wherein said vane is formed by a sheet 
metal contour and attached to a shaft. 

The sheet metal made vane can be manufactured by a simple 
processing at low costs. Furthermore, the distance of the gap 
which varies according to different designs of the 
turbocharger. By a simple adaptation of the axial length of 
the sheet metal contour, this variation of the distance can 
be absorbed. 

Preferably, said vane is formed by wrapping a strip of said 
sheet metal so as to form said contour as a loop. 



Forming a loop and wrapping the same around the shaft is a 
simple way of manufacturing the vane, since only the outer 



WO 2005/014980 



- 3 - 



PCT/EP2003/008936 



contour of the vane is important for the flow characteristics 
of a vane to be used in a nozzle. 

Preferably, a downstream tip of said vane is formed by 
joining two ends of said strip of said sheet metal. That is, 
the vane comprises only one strip which is bent so as to form 
the closed loop providing a tip end at the downstream end. 
Preferably, said two ends of said strip of said sheet metal 
are joined by spot welding, which provides a simple way to 
produce the vanes. 

Preferably, said shaft extends into said sheet metal contour, 
and wherein said sheet metal contour is attached to said 
shaft at least at an outer peripheral portion thereof. 
Thereby, the sheet metal can be wrapped around the shaft so 
as to form contact portions between the shaft and the inside 
surface of the sheet metal contour. 

Preferably, said sheet metal contour is attached to said 
shaft by spot welding at two peripheral portions of said 
shaft, which are diametrically opposed to each other. This 
structure enables a stable support of the vane on the shaft 
and a sufficient torque transmission for adjusting the 
rotational position of the vane. 

Preferably, at least a portion of said shaft protrudes beyond 
an edge of said sheet metal contour by a predetermined amount 
so as to form a stepped portion contactable to one of said 
opposing walls members thereby separating said sheet metal 
contour from said one of said opposing wall members. By the 
provision of the protruding shaft portion beyond the edge of 
the sheet metal contour, a gap is formed between said edge 
and the surface of the wall facing to said edge of the vane. 
Thereby, the sticking phenomenon can be restricted and the 
frictional loss can be minimized. 
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According to a second aspect of the present invention, an 
exhaust gas turbine comprises a variable nozzle device 
according to the first aspect and a turbine wheel which is 
drivable by exhaust gas passed through the annular nozzle 
passage of said variable nozzle device. 

According to a third aspect of the present invention, a 
turbocharger comprises an exhaust gas turbine according to 
the second aspect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferable embodiments of the present invention are described 
in greater detail with reference to the drawings. 

Fig. 1 shows a variable nozzle device according to a first 
embodiment of the present invention in a side view. 

Fig. 2 shows the vane of Fig. 1 in a cross-sectional view 
along a line A-A of Fig. 1. 

Fig. 3 shows a variable nozzle device according to a second 
embodiment of the present invention in a side view. 

Fig. 4 shows a modification of the variable nozzle device 
according to the first embodiment of the present invention in 
a side view. 

FIRST EMBODIMENT 

In the following, a variable nozzle device according to the 
first embodiment of the present invention is explained based 
on Figs. 1 and 2. 
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Fig. 1 shows a partial view of a nozzle including a first 
wall 1 and a second wall 3 which are spaced from each other 
so as to form a passage 5 between the first wall 1 and the 
second wall 3. Although not shown in the Figure, the passage 
5 is formed in an annular shape which is adapted to be 
disposed around a turbine wheel (not shown) . A flow of a 
fluid, such as exhaust gas, to be conveyed to the turbine 
wheel, moves from an upstream end of the vane to a downstream 
end thereof. The direction of the flow of the fluid is 
designated by arrows F in the Figures. 



A vane 7 is disposed between the first wall 1 and the second 
wall 3 in the passage 5. As shown in Fig. 2, the vane 7 is 
wing-shaped in a cross-sectional view along a line A-A in 
15 Fig. 1. 

The vane 7 is formed by metal sheet strip which is bent such 
that the wing-shaped contour is obtained. That is, the vane 7 
is a hollow body With the axial faces thereof being open. A 
"tip end 25 of 'the vahe"7~is t g*M6a" b y - cem La u 'Ll fl f g - t ife twe^da 
of the sheet metal after the bending and bonding the ends to 
each other by spot-welding which is designated by Wl in the 
drawings . 



20 



25 



An end portion of a shaft 9 extends into the hollow interior 
of the vane 7 and supports the same. As shown in Fig. 1, the 
sheet metal is in contact with an extension 11 of the shaft 9 
on the inside of the hollow interior of the vane 7. For 
attaching the sheet metal to the extension 11, those portions 
of the sheet metal which are in contact with the outer 
circumference of the extension are welded e.g. by spot- 
welding which is designated by W2 in the drawings. 

Besides the extension 11, the shaft 9 comprises a bearing 
35 portion 13 the diameter of which is larger than that of the 
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extension 11. The bearing portion 13 of the shaft 9 is fitted 
' into a. bearing hole 15 so as to be rotatable. The bearing 
portion 13 comprises two annular grooves 17 for lubrication 
the bearing portion 13 in the bearing hole 15 and/or to fix 
5 an axial position of the shaft 9 relative to the second wall 
3. At the transition between the extension 11 and the bearing 
portions 13 a step 23 is formed. 

Furthermore, the shaft comprises an actuating portion 19 the 
10 diameter of which is smaller than that of the bearing portion 
13 but larger than that of the extension 11. 

With the variable nozzle device according to the present 
embodiment, the vane 7 which is fixed to the shaft 9 can be 
15 rotated about the axial direction of the shaft 9 by rotating 
the same, wherein the rotational direction of the vane 7 as 
designated by an arrow R in Fig. 2. In particular, the 
actuating portion 19 can be rotated by an adjustment 
mechanism by means of which plural vanes are rotated 
20 synchronously. Thereby it is possible to adjust the " 

rotational position of the vane between the first wall 1 and 
the second wall 3 so as to adapt the flow characteristics of 
the nozzle. 

25 According to the present embodiment , the transition between 

the extension 11 and the bearing portion 13 of the shaft 9 is 
formed which a slightly tapered shape so as to reduce a 
stress concentration due to the notch effect. Due to this 
tapered transition, the vane 7 is fixed to the extension 11 

30 of the shaft 9 such that the edge of the vane 7 facing 

towards the second wall 3 is slightly separated from the 
bearing portion 13. Therefore, the sheet metal is in contact 
with the extension 11 only in the cylindrical portion 
thereof. 

35 
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SECOND EMBODIMENT 

in the following, a variable nozzle device according to the 
second embodiment of the present invention is explained based 
on Fig. 3. The structure of the variable nozzle device 
according to the second embodiment is similar to that of the 
first embodiment. Therefore, the same reference signs are 
used for similar elements and only the differences are 
discussed. 

According to the present embodiment, the extension 11 of the 
shaft 9 slightly protrudes beyond the edge of the vane 7 
facing towards the first wall 1. In particular, an axial, end 
surface 21 of the extension 11 which faces towards the first 
wall 1 is in sliding contact with the first wall 1. Thereby, 
the edge of the vane 7 and, in particular the sheet metal 
forming said vane 7, is separated from the surface of the 
first wall 1. That is, only the axial end portxon 21 of the 
shaft 9 is exerted by the sliding contact whereas the edge of 
the vane .7 does not contact the first wall 1. 

in the present embodiment, the amount of protrusion of the 
extension 11 beyond the edge of the vane 7 facing towards the 
first wall is set to 0,05 mm. 

MODIFICATIONS 



30 



Fi , 4 shows a modification of the first embodiment. As shown 
in Fig 4, the structure of the variable nozzle device is 
formed by a sheet metal bent into a wing shape for forming 
the vane 7 which is fixed to the extension 11 of the shaft 9. 

In the variable nozzle device according to a modification of 
the first embodiment, the transition between the extension 11 
and the bearing portion 13 of the shaft is formed such that 
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that the tapered portion in the region of said transition is 
eliminated. As can be seen in Fig. 3, the transition is 
formed by an annular recess at the circumference of the 
extension 11. 

Due to this structure, the vane 7 is set and fixed to the 
extension 11 such that the edge of the vane 7 facing towards 
the second wall 3 is in close contact with the axial step 
between the extension 11 and the bearing portion. 

Although throughout the above description of the embodiments 
it is stated that the variable nozzle device is applicable to 
an exhaust gas turbine, the variable nozzle device is also 
applicable to a compressor of a turbocharger . 
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Claims : 

1. A variable nozzle device comprising: 

an annular nozzle passage (5) formed by a gap between 
5 two opposing wall members (1, 3); and 

at least one vane (7) extending in said nozzle passage 
(5) and being rotatably supported, 

wherein said vane (7) is formed by a sheet metal contour 
and attached to a shaft (9) . 

10 

2. A variable nozzle device according to claim 1, wherein 
said vane (7) is formed by wrapping a strip of said sheet 
metal so as to form said contour as a loop. 

15 3. A variable nozzle device according to claim 1 or 2, 

wherein a downstream tip (25) of said vane (7) is formed by 
joining two ends of said strip of said sheet metal. 

4. A variable nozzle device according to claim 3, wherein 

20 said two ends of said strip of said sheet metal are joined by 
spot welding. 

5. A variable nozzle device according to one of claims 1-4, 
wherein said shaft (9) extends into said sheet metal contour 

25 being attached at least to an outer peripheral portion of 
said shaft (9) . 

6. A variable nozzle device according to claim 5, wherein 
said sheet metal contour is attached to said shaft (9) by 

30 spot welding at two peripheral portions of said shaft (9), 
which are diametrically opposed to each other. 

7. A variable nozzle device according to one of claims 1-6, 
wherein at least a portion of said shaft (9) protrudes beyond 

35 an edge of said sheet metal contour by a predetermined amount 
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so as to form a stepped portion (21) contactable to one of 
1 said opposing wall members (1; 3) thereby separating said 
sheet metal contour from said one of said opposing wall 
members (1; 3) . 

5. 

8. An exhaust gas turbine comprising a variable nozzle device 
according to one of claims 1 to 7 and ' a turbine wheel which 
is drivable by exhaust gas passed through the annular nozzle 
passage of said variable nozzle device. 

10 

9. Turbocharger comprising an exhaust gas turbine according 
to claim 8 . 

15 
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FIG.1 
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FIG.2 
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FIG.3 
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